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Objective: To examine the relation of cartilage loss and bone marrow lesions (BMLs) in the medial and
lateral patellofemoral joint (PFJ) to knee pain.
Methods: We categorized the location of full-thickness cartilage loss and BMLs in the PFJ on knee
magnetic resonance imaging (MRIs) from the Multicenter Osteoarthritis (MOST) and Framingham
Osteoarthritis (FOA) Studies as no damage, isolated medial, isolated lateral, or both medial and lateral
(mixed). We determined the relation of MRI lesions in each PFJ region to prevalent knee pain. Differences
in knee pain severity were compared among categories of PFJ full-thickness cartilage loss and BMLs using
quantile regression.
Results: In MOST (n ¼ 1137 knees), compared with knees without full-thickness cartilage loss, knees with
isolated lateral or mixed PFJ full-thickness cartilage loss had 1.9 (1.3, 2.8) and 1.9 (1.2, 2.9) times the odds
of knee pain, respectively, while isolated medial cartilage loss had no association with knee pain. BMLs in
both the medial and lateral PFJ had 1.5 (1.1, 2.0) times the odds of knee pain compared with knees
without BMLs. Knee pain severity was lowest in knees with isolated medial PFJ cartilage loss or BMLs. In
FOA (n ¼ 934 knees), neither isolated medial nor lateral cartilage loss was associated with knee pain,
whereas isolated BMLs in either region were associated with pain.
Conclusions: Results were not completely concordant but suggest that knee pain risk and severity is
greatest with cartilage loss isolated to (MOST) or inclusive of (MOST and FOA) the lateral PFJ. While BMLs
in either the medial or lateral PFJ are related to pain.
© 2015 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.: J.J. Stefanik, 650 Albany St
07.
ossd@bu.edu (K.D. Gross), ali.
(D.T. Felson), frank.roemer@
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ternational. Published by Elsevier LIntroduction
Patellofemoral joint (PFJ) osteoarthritis (OA) is common1e3 and
has strong associations with pain and functional limitation4e8.
Under the presumption that painful PFJ OA results from excessive
loading of the lateral PFJ, many taping, bracing, and other rehabil-
itative interventions attempt to redistribute load to the medial PFJ.
Yet, contrary to the expectations of biomechanical models sug-
gesting that PFJ stress is greatest in the lateral compartment9,10, we
previously demonstrated a remarkably high prevalence oftd. All rights reserved.
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medial PFJ11, both in a community cohort of older adults unselected
for knee pain or pathology, and in a population at high risk of knee
OA.
While the exact mechanism of medial PFJ cartilage loss is un-
known, it has been suggested that insufﬁcient loading of themedial
PFJ may lead to cartilage degeneration12,13. If this is correct, then
bone marrow lesions (BMLs), which are closely related to increased
joint loading14, would not be expected to occur in the medial PFJ.
Additionally, while BMLs are strongly associated with knee
pain15,16, cartilage, being aneural, is not expected to be a frequent
cause of pain. It is unknown if the prevalence of BMLs in the medial
and lateral PFJ differs, and whether any such differences are asso-
ciated with differences in prevalence of knee pain.
Knowledge about the relation of medial and lateral PFJ struc-
tural damage to pain is important to inform prescription of
appropriate compartment-speciﬁc non-pharmacological treat-
ments (e.g., rehabilitation, bracing, etc.) for PFJ OA. The few clinical
trials published for PFJ OA have included knees with lateral PFJ
disease severity greater than medial17e19. The taping or bracing
interventions prescribed in these studies aimed to realign the pa-
tella medially. While this type of treatment may be appropriate for
isolated lateral PFJ OA, it may be inappropriate for painful medial
PFJ OA. If medial and lateral PFJ OA are similarly associated with
pain, careful assessment of the PFJ is warranted in order to consider
appropriate compartment-speciﬁc treatment.
The purpose of the current study was to: (1) Describe the
prevalence of MRI-detected full-thickness cartilage loss and BMLs
in the medial and lateral PFJ and (2) Examine the relationship of
cartilage loss and BMLs in these regions to the presence and
severity of knee pain in two large cohorts of older adults.
Methods
Study samples
Subjects for the current study were participants in the Multi-
center OA (MOST) Study and Framingham OA (FOA) cohort. The
MOST cohort consists of older adults who have or are at risk of knee
OA. 3026 participants were recruited from Iowa City, Iowa and
Birmingham, Alabama. For the current study we used data from the
84-month visit when all eligible participants had knee MRI ac-
quired and cartilage morphology and BMLs assessed (see below).
Data was used from the 84-month visit in order to maximize
numbers of knees with PFJ cartilage loss and BMLs.
The FOA cohort is a sample of the general population of older
adults, unselected for knee pain or OA, living in Framingham, MA.
The FOA study included ambulatory persons age 50 and over. Par-
ticipants were recruited by random digit dialing. Of the 2582 in-
dividuals contacted, 1039 expressed interest and were examined
between 2002 and 2005. Those with inﬂammatory arthritis, bilat-
eral total knee replacement, dementia, terminal cancer, or contra-
indications to MRI were excluded20e23.
MRI acquisition
In MOST, a 1.0 T extremity MRI system (OrthOne™, ONI Medical
Systems Wilmington, MA) was used with a phased-array knee coil
to obtain the following sequences: Fat-suppressed fast spin echo
proton density (PD) weighted sequences in two planes, sagittal
(repetition time (TR) 4800 ms, TE 35 ms, 3 mm slice thickness,
0 mm interslice gap, 32 slices, 288  192 matrix, 140 mm2 ﬁeld of
view (FOV), echo train length 8) and axial (TR 4680 ms, TE 13 ms,
3 mm slice thickness, 0 mm interslice gap, 20 slices, 288  192
matrix, 140 mm2 FOV, echo train length 8) and a short tau inversionrecovery (STIR) sequence in the coronal plane (TR 6650 ms, TE
15 ms, TI 100 ms, 3 mm slice thickness, 0 mm interslice gap, 28
slices, 256  192 matrix, 140 mm2 FOV, echo train length 8).
In FOA, MRI scans of both knees were acquired using a 1.5-
T scanner (Siemens Medical Systems, Erlangen, Germany) with an
eight-channel phased-array knee coil. Images from four pulse se-
quences were used in the assessment of OA features: axial, sagittal
and coronal fat-suppression, PD-weighted, turbo spin echo se-
quences (repetition time, 3610 ms; echo time, 40 ms; slice thick-
ness, 3.5 mm; interslice gap, 0 mm; echo spacing, 13.2 ms; turbo
factor, 7; ﬁeld of view, 140 mm  140 mm; matrix 256  256) and
sagittal T1-weighted spin echo sequence without fat-suppression
(repetition time, 475 ms; echo time 24 ms; slice thickness,
3.5 mm; interslice gap, 0 mm; ﬁeld of view, 140 mm  140 mm;
matrix, 256 256). Due to costs, only one kneeMRI per subject was
read in both studies. In FOA, it was generally the right knee that was
read, while in MOST, a random selection of one knee was made for
each eligible subject.
Structural damage assessment
In both the FOA and MOST studies, two musculoskeletal radi-
ologists (FWR, AG) used the Whole-Organ Magnetic Resonance
Imaging Score (WORMS)24 to assess cartilage morphology and
BMLs in four PFJ regions (medial/lateral patella and medial/lateral
trochlea). Full-thickness cartilage loss was identiﬁed by WORMS
scores of 2.5, 5, or 6, which denote single, multiple, or diffuse full-
thickness loss, respectively. Any size BMLs and large BMLs were
deﬁned as WORMS scores of 1 and 2, respectively. For each type
of structural damage, we identiﬁed the PFJ region(s) in which
damage was present as: no PFJ damage, isolated medial, isolated
lateral, and both medial and lateral (mixed). In MOST, the inter-
reader reliability (weighted kappa) for PFJ cartilage and BMLs was
0.72 and 0.63, respectively; in FOA, it was 0.74 and 0.64, respec-
tively. Additionally, a comparison of the WORMS method using a
1.0 T extremity MRI and large-bore 1.5 T MRI yielded similar inter-
and intra-reader reliability25.
Knee pain assessment
Participants in both studies were assessed for the presence of
any knee pain by asking: “In the past month, have you had any pain,
aching, or stiffness in your knees?” In MOST, frequent knee pain
(FKP) was assessed in each knee by asking participants: “Do you
have pain, aching or stiffness on most days of the month?” In the
FOA cohort, participants were asked: “On most days do you have
pain, aching or stiffness in either of your knees?” If they answered
“yes” to this question, participants were asked for the right and left
knee: “Is the pain, aching or stiffness in your knee mild, moderate
or severe?” We considered pain greater than none to be FKP in the
FOA cohort. Severity of knee pain was assessed only in MOST by
asking: “How bad has the pain been in your knee, on average, in the
past 30 days?” Participants used a knee-speciﬁc visual analog scale
(VAS) from 0 to 100 to rate their pain severity. Severity of pain was
not assessed in FOA.
Statistical analysis
We ﬁrst described the prevalence of full-thickness cartilage loss,
any BML and large BMLs within each PFJ region. Next, we examined
the relation of full-thickness cartilage loss and BMLs to prevalent
knee pain and FKP in each PFJ region using logistic regression
models. We compared the differences in knee pain severity among
PFJ regions in each percentile of VAS pain using quantile regression.
Because VAS pain scores were not normally distributed, quantile
Table II
Prevalence of full-thickness cartilage loss and BMLs in the PFJ
MOST
(n ¼ 1137)
Full-thickness cartilage
loss (WORMS 2.5; 5e6)
BML (WORMS 1) BML
(WORMS 2)
Number of knees (%) Number of
knees (%)
Number of
knees (%)
None 690 (60.7) 421 (37.0) 848 (74.6)
Isolated medial 196 (17.2) 254 (22.3) 88 (7.7)
Isolated lateral 133 (11.7) 150 (13.2) 148 (13.0)
Mixed 118 (10.4) 312 (27.4) 53 (4.7)
FOA (n ¼ 934)
None 689 (73.8) 564 (60.4) 800 (85.7)
Isolated medial 127 (13.6) 156 (16.7) 48 (5.1)
Isolated lateral 49 (5.3) 61 (6.5) 59 (6.3)
Mixed 69 (7.4) 153 (16.4) 27 (2.9)
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(structural damage in PFJ regions) to the outcome (pain severity)
across all pain percentiles. Thus, it provided a more comprehensive
assessment of the association between the location of PFJ structural
damage and knee pain severity instead of simply comparing the
mean or median values. Since 40% of participants had a pain score
of 0, we evaluated the 40th to the 90th percentiles with increments
of 10 percentile points, and compared the pain scores of the
different PFJ structural damage categories within each percentile
category using no damage as the reference. Logistic and quantile
regression models were adjusted for age, sex, BMI and the presence
of depressive symptoms (as determined by a score  16 on the
Center for Epidemiologic Studies Depression Scale26). We recognize
that tibiofemoral joint (TFJ) disease can contribute to knee pain, but
without knowing the temporal sequence of events (whether TFJ
disease is antecedent or consequent to PJF structural damage),
adjusting for it could bias the results. Because of this, our main
analyses are not adjusted for TFJ disease, but we performed sensi-
tivity analyses adjusting for concurrent structural damage in the
TFJ. Additionally, TFJ frontal plane alignment is associated with the
location of PFJ OA27,28 and in further sensitivity analyses we
included the alignment category (varus, valgus, neutral) assessed
from long limb ﬁlms at the 60-month visit in MOST (alignment was
not assessed in FOA or at the 84-month visit in MOST).
Results
1137 and 934 knees from MOST and FOA, respectively, had
completeMRI data, knee pain assessments, and covariates. InMOST,
themean (sd) ageandBMIwas68.9 (7.5) and29.3 (4.7), respectively;
63.8%were female. In FOA, themean (sd) age and BMIwas 63.4 (8.8)
and28.5 (5.6); 57.4%were female. Theprevalence of anykneepain in
the last monthwas 55.3% inMOSTand 36.0% in FOA. The prevalence
of FKP was 28.8% in MOST and 22.9% in FOA (Table I).
The distribution of full-thickness cartilage loss and BMLs in the
PFJ varied depending on the deﬁnition used (Table II); the majority
of knees did not have any cartilage loss or BMLs in either
compartment of the PFJ. When present, full-thickness cartilage loss
that was isolated to the medial PFJ was the most common pattern
observed, having a greater prevalence in both cohorts than either
cartilage loss isolated to the lateral PFJ, or mixed medial and lateral
PFJ cartilage loss. In contrast, large BMLs (WORMS 2) were most
commonly isolated to the lateral PFJ. With regard to the occurrence
of any size BMLs (WORMS 1), results from the two cohorts were
inconsistent. In MOST, any size BMLs most commonly occurred in
the mixed pattern of medial and lateral PFJ involvement, while, in
FOA, any size BMLs (WORMS 1) were most commonly isolated to
the medial PFJ.
In MOST, full-thickness cartilage loss in the lateral PFJ, whether
occurring in isolation [OR ¼ 1.9 (95% CI: 1.3, 2.8)] or in combination
with full-thickness medial cartilage loss [OR ¼ 1.9 (1.2, 2.9)] wasTable I
Descriptive statistics
MOST
(n ¼ 1137 knees)
FOA
(n ¼ 934 knees)
Age, mean (±sd), years 68.9 (7.5) 63.4 (8.8)
Sex (% female) 63.8 57.4
BMI, mean (±sd), kg/m2 29.3 (4.7) 28.5 (5.6)
Presence of any knee pain (%)* 55.3 36.0
Presence of FKP (%) 28.8 22.9
Severity of knee painy, median
(Interquartile range)
5 (0e18) N/A
* Any knee pain ¼ any pain, aching, or stiffness in the past month.
y 0e100 VAS.associated with nearly twice the odds of experiencing any knee
pain during the last month. In contrast, isolated full-thickness
cartilage loss in the medial PFJ, despite being the most prevalent
site of cartilage loss, had no association [OR ¼ 0.8 (0.6, 1.1)] with
reports of any knee pain (Table III). Similar patterns of association
were observed with any size BMLs and the odds of experiencing
any knee pain during the past month. When BMLs of any size were
either isolated to [OR ¼ 1.5 (0.98, 2.1)], or inclusive of [OR ¼ 1.5 (1.1,
2.0)] the lateral PFJ, participants had 1.5 times the odds of experi-
encing any knee pain during the past month as compared to knees
without any PFJ BMLs. In contrast, there was no association be-
tween isolated medial PFJ BMLs and any knee pain. Finally, when
only large BMLs were considered, their isolated presence in the
lateral PFJ was associated with 1.8 (1.2, 2.6) times the odds of any
knee pain, while no association with knee pain was found between
large BMLs isolated to the medial PFJ or large BMLs in both the
medial and lateral PFJ. The results of the quantile regression
demonstrated that knee pain severity scores were similar between
knees with isolated lateral and mixed PFJ full-thickness cartilage
loss across a range of VAS pain percentiles. In contrast, pain severity
in knees with isolated medial full-thickness cartilage loss was the
lowest of all groups (Table IV). A similar patternwas observed in the
relation of BMLs to knee pain severity. Knee pain severity was
greatest across all VAS pain percentiles among knees with BMLs
(WORMS 1) isolated to the lateral PFJ, while knees with isolated
medial PFJ BMLs had the lowest knee pain severity scores.
In FOA, a clear pattern of ﬁndings was slightly less evident.
Neither isolated medial nor isolated lateral PFJ full-thickness
cartilage loss was associated with any knee pain, while knees
having both medial and lateral PFJ (mixed) damage had twice
(OR ¼ 2.0; 1.2, 3.4) the odds of knee pain compared to knees
without cartilage loss (Table III). While the association of any size
BMLs with knee pain was of similar magnitude for isolated medial
(OR ¼ 1.7; 1.2, 2.5) and isolated lateral (OR ¼ 1.5; 0.9, 2.7) PFJ le-
sions, results were only statistically signiﬁcant for isolated medial
lesions. Large BMLs were similarly associated with any knee pain
when isolated to the lateral or medial PFJ, but while any size BMLs
in both themedial and lateral PFJ had the strongest associationwith
any knee pain (OR¼ 2.4; 1.7, 3.5), large BMLs in both themedial and
lateral PFJ had no association with knee pain.
Similar results were observed when using FKP as the pain
outcome (Supplemental Table 1) and in sensitivity analysis when
adjusting for concurrent TFJ damage (Supplemental Tables 2 and 3).
Further adjustment for TFJ alignment did not alter these results.
Discussion
While many studies have demonstrated a relationship between
PFJ OA and knee pain4e8, no study to date has investigated whether
Table III
Odds of ‘any knee pain’ in knees with MRI-detected structural damage in the PFJ
MOST
(n ¼ 1137)
Full-thickness cartilage loss
(WORMS ¼ 2.5, 5 or 6)
BML (WORMS 1) BML (WORMS 2)
N of painful knees/
N of knees (%)
Adjusted OR*
(95%CI)
N of painful knees/
N of knees (%)
Adjusted OR*
(95%CI)
N of painful knees/
N of knees (%)
Adjusted OR*
(95%CI)
None 361/690 Reference 210/421 Reference 446/848 Reference
(52.3) 1.0 (49.9) 1.0 (52.6) 1.0
Isolated medial 97/196 (49.5) 0.8 (0.6, 1.1) 138/254 (54.3) 1.1 (0.8, 1.5) 53/88 (60.2) 1.2 (0.8, 1.9)
Isolated lateral 89/133 (66.9) 1.9 (1.3, 2.8) 91/150 (60.7) 1.5 (0.98, 2.1) 99/148 (66.9) 1.8 (1.2, 2.6)
Mixed 82/118 (69.5) 1.9 (1.2, 2.9) 190/312 (60.9) 1.5 (1.1, 2.0) 31/53 (58.5) 1.2 (0.7, 2.1)
FOA (n ¼ 934)
None 224/689 (32.5) Reference 1.0 166/564 (29.4) Reference 1.0 267/800 (33.4) Reference 1.0
Isolated medial 53/127 (41.7) 1.4 (0.96, 2.1) 67/156 (43.0) 1.7 (1.2, 2.5) 26/48 (54.2) 2.4 (1.3, 4.4)
Isolated lateral 24/49 (49.0) 1.8 (0.98, 3.2) 24/61 (39.3) 1.5 (0.9, 2.7) 31/59 (52.5) 2.1 (1.2, 3.6)
Mixed 35/69 (50.7) 2.0 (1.2, 3.4) 79/153 (51.6) 2.4 (1.7, 3.5) 12/27 (44.4) 1.4 (0.6, 3.1)
* Adjusted for age, sex, BMI and depressive symptoms.
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which would have bearing on biomechanically directed treatments
for PFJ OA-related pain. Contrary to long-held assumptions about
PFJ OA being exclusively or primarily a disease of the lateral joint,
the present study demonstrates that cartilage loss and BMLs are
both highly prevalent in the medial PFJ. The prevalence of isolated
full-thickness cartilage loss and any size BMLs in the medial PFJ
consistently exceeded the prevalence of these same lesions isolated
within the lateral PFJ. Only when attention was focused exclusively
on large BMLs was the prevalence of isolated lateral and isolated
medial PFJ lesions found to be similar in the two study cohorts.
Additionally, knee pain was commonly reported in knees with
either medial or lateral PFJ structural damage.
However, the relation of the location of MRI lesions to knee pain
was not entirely consistent. In general, knee pain was most prev-
alent and most severe among knees with full-thickness cartilage
loss that was either isolated to or inclusive of the lateral PFJ,
particularly in the MOST sample. Additionally, in MOST, there was
no association with isolated medial BMLs, while isolated lateral
BMLs were consistently associated with prevalent knee pain of any
frequency. In contrast, in FOA, isolated medial large BMLs (WORMS
2) had the strongest association with prevalent knee pain, albeit
quite similar to that of isolated lateral large BMLs. The differences
noted could be attributed to the study samples themselves. While
FOA is a community-based cohort recruited without regard to knee
pain, MOST is a selected population of individuals that either had or
were at risk of developing OA at the time of recruitment based on
the presence of one or more known risk factors. Such differences
between the two cohorts may affect the prevalence of MRI lesions,
and thereby affect the effect estimates obtained. Additionally,
although the two cohorts had some differences in MRI acquisition,
the inter-reader reliability for cartilage loss and BMLs was virtually
identical and both studies used the same experienced readers (AG,
FWR). The assessment of pain in MOST and FOA was slightly
different (see methods), which may also explain the differences in
the results between studies.Table IV
Difference (95% CI) in knee pain severity scores between categories of MRI-detected stru
Percentiles of VAS Pain Full-thickness cartilage loss* (WORMS 2.5, 5 or 6)
Isolated medial vs None Isolated Lateral vs None Mixed
40th 0.3 (0.4, 1.0) 4.7 (2.5, 6.8) 4.5 (2.
50th 0.2 (1.4, 0.9) 5.4 (2.8, 8.0) 5.3 (2.
60th 1.2 (3.2, 0.8) 5.5 (1.4, 9.6) 5.5 (1.
70th 3.3 (6.9, 0.3) 5.9 (0.4, 12.2) 8.3 (2.
80th 3.8 (9.1, 1.5) 6.2 (1.5, 10.8) 6.2 (
90th 6.4 (20.5, 7.7) 0.5 (9.4, 8.5) 0.8 (
* Adjusted for age, sex, BMI and depressive symptoms.A potential explanation for why there may be differences in
knee pain prevalence and severity between themedial vs lateral PFJ
may be related to differences in stress across these compartments.
When the knee is ﬂexed and the quadriceps contracts to prevent
the knee from buckling, PFJ stress is greatest in the lateral PFJ9. This
increased stress during functional activities that require knee
ﬂexion may increase the pain perceived from damage to the lateral
PFJ. However, Gross et al. reported that cartilage damage commonly
occurs in the medial PFJ, contrary to existing biomechanical the-
ories. One potential mechanism for medial PFJ cartilage damage is
insufﬁcient loading of the medial PFJ12,13, which prevents chon-
drocytes in that area from receiving nourishment from synovial
ﬂuid being pushed under intermittent loads into and out of the
interstitial space. However, our ﬁnding that BMLs commonly occur
isolated to the medial PFJ or in conjunction with lateral BMLs does
not support this positedmechanism ofmedial PFJ cartilage damage.
BMLs are related to excessive joint loading14 and would not be
present in the medial PFJ if this compartment was insufﬁciently
loaded. Clearly, further investigations are warranted to determine
the mechanisms by which medial vs lateral PFJ OA occur to pre-
scription of compartment-speciﬁc interventions.
In the current study, we found BMLs of any size are at least as
common in the medial PFJ as in the lateral PFJ and large BMLs are
consistently more common in the lateral PFJ. This ﬁnding is
consistent with our previous ﬁndings demonstrating that cartilage
damage of minimal severity (low WORMS score) is most common
in the medial PFJ, but that damage in the lateral PFJ becomes
increasingly common when our attention is limited to only more
severe damage (high WORMS scores)11. Together these ﬁndings
may imply that damage (both cartilage damage and BMLs) in the
medial PFJ is highly prevalent, but that it is less frequently driven to
worsen than is damage that occurs in the lateral PFJ. If this inter-
pretation is correct, damage in the lateral PFJ, being generally of
greater severity, is also more strongly associated with knee pain
than is damage in the medial PFJ. The few randomized controlled
trials investigating interventions for PFJ OA have focused on bracingctural damage in the PFJ in MOST
BMLs* (WORMS 1)
vs None Isolated medial vs None Isolated Lateral vs None Mixed vs None
0, 7.0 0.6 (1.2, 0.03) 3.3 (1.4, 5.1) 1.9 (0.8, 3.0)
4, 8.1) 0.9 (2.4, 0.7) 4.2 (2.2, 6.1) 2.3 (0.2, 4.6)
4, 9.6) 1.8 (4.1, 0.6) 4.8 (0.1, 9.5) 3.3 (0.9, 5.7)
0, 14.7) 4.3 (8.8, 0.7) 11.3 (4.0, 18.7) 5.2 (1.1, 9.3)
0.4, 12.7) 7.4 (12.5, 2.3) 10.2 (4.3, 16.0) 3.3 (2.2, 8.8)
9.5, 11.2) 16.9 (32.0, 1.8) 13.0 (4.2, 21.9) 7.4 (2.3, 17.2)
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ally17e19. This intervention may not be appropriate for knees with
painful medial PFJ structural damage. Realigning treatments may
be appropriate for many painful knees that present with PFJ dam-
age that is of greater severity laterally than medially, but the effects
of this medial realignment on the medial PFJ should be monitored.
Clinicians managing the care of individuals with PFJ must carefully
assess the PFJ in an attempt to determine the affected compart-
ments. Further study is needed regarding compartment-speciﬁc
interventions for medial and lateral PFJ OA.
A limitation of the current study is that we do not have a
detailed assessment of pain location or pain with palpation around
the knee, although patient-reported localization of pain may not be
highly speciﬁc to lesion location29. Additionally, the pain experi-
ence in OA is multifactorial, involving factors beyond structural
lesions alone. Pain can also be caused by inﬂammation of synovium
and joint effusion, which are not compartment-speciﬁc ﬁndings.
Thus, while these features may be related to pain, they would not
have speciﬁc implications for compartment-speciﬁc interventions.
We also adjusted for TFJ damage in sensitivity analyses and found
similar results. However, a limitation of this approach is that it
could lead to bias because temporal sequence of PFJ and TFJ damage
was not known. For a similar reason, we did not attempt to adjust
for cartilage lesions or BMLs in the respective analyses to avoid
introduction of bias. It would be of interest in future studies to
explore potential mediating effects of various MRI lesions on pain,
which is difﬁcult to do presently given the lack of sufﬁcient un-
derstanding of the temporal sequence of MRI lesions.
In summary, similar to previous ﬁndings that cartilage loss is
common in the medial PFJ11, BMLs are also common in the medial
PFJ. Knee pain prevalence and severity is greatest, for the most part,
in knees with cartilage loss that is isolated to or inclusive of the
lateral PFJ. The relationship between location of BMLs and painwas
conﬂicting, but suggest that large BMLs isolated to the medial or
lateral PFJ are related to pain.
Author contributions
All authors contributed to the conception and design of the
study, analysis and interpretation of data, drafting the article and
revising it critically for important intellectual content, and
approved the ﬁnal version submitted. Dr Stefanik takes re-
sponsibility for the integrity of the work as a whole, from inception
to ﬁnished article.
Role of funding source
Dr Stefanik received funding from the Rheumatology Research
Foundation and the Arthritis Foundation. The Framingham
Osteoarthritis Study was funded by the National Institutes of
Health/National Institute on Aging (R01-AG018393). The Multi-
center Osteoarthritis Study was funded by National Institutes of
Health/National Institute on Aging (U01-AG18820, U01-AG18832,
U01-AG18947, U01-AG19069 and AR-47785). Funding sources
had no role in the study design, collection, analysis and inter-
pretation of the data or the decision to submit the manuscript for
publication.
Competing interest statement
Dr Guermazi has received consultancies, speaking fees, and/or
honoraria from Sanoﬁ-Aventis, Merck Serono, and TissueGene and
is President and shareholder of Boston Imaging Core Lab (BICL), LLC
a company providing image assessment services. Dr Roemer is
Chief Medical Ofﬁcer and shareholder of BICL, LLC.Acknowledgments
We would like to thank the subjects of the Framingham and
Multicenter Osteoarthritis Studies.Supplementary data
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.joca.2014.12.023.References
1. Duncan RC, Hay EM, Saklatvala J, Croft PR. Prevalence of
radiographic osteoarthritiseit all depends on your point of
view. Rheumatology 2006;45:757e60.
2. McAlindon TE, Snow S, Cooper C, Dieppe PA. Radiographic
patterns of osteoarthritis of the knee joint in the community:
the importance of the patellofemoral joint. Ann Rheum Dis
1992;51:844e9.
3. Stefanik JJ, Niu J, Gross KD, Roemer FW, Guermazi A, Felson DT.
Using magnetic resonance imaging to determine the
compartmental prevalence of knee joint structural damage.
Osteoarthritis Cartilage 2013;21:695e9.
4. Duncan R, Peat G, Thomas E, Wood L, Hay E, Croft P. How do
pain and function vary with compartmental distribution and
severity of radiographic knee osteoarthritis? Rheumatology
(Oxford) 2008;47:1704e7.
5. Hunter DJ, March L, Sambrook PN. The association of cartilage
volume with knee pain. Osteoarthritis Cartilage 2003;11:
725e9.
6. Kornaat PR, Bloem JL, Ceulemans RY, Riyazi N, Rosendaal FR,
Nelissen RG, et al. Osteoarthritis of the knee: association be-
tween clinical features and MR imaging ﬁndings. Radiology
2006;239:811e7.
7. Szebenyi B, Hollander AP, Dieppe P, Quilty B, Duddy J, Clarke S,
et al. Associations between pain, function, and radiographic
features in osteoarthritis of the knee. Arthritis Rheum
2006;54:230e5.
8. Duncan R, Peat G, Thomas E, Wood L, Hay E, Croft P. Does
isolated patellofemoral osteoarthritis matter? Osteoarthritis
Cartilage 2009;17:1151e5.
9. Farrokhi S, Keyak JH, Powers CM. Individuals with patellofe-
moral pain exhibit greater patellofemoral joint stress: a ﬁnite
element analysis study. Osteoarthritis Cartilage 2011;19:
287e94.
10. Ficat RP, Hungerford DS. Disorders of the Patello-femoral Joint.
Baltimore: The Williams and Wilkins Co; 1977.
11. Gross KD, Niu J, Stefanik JJ, Guermazi A, Roemer FW, Sharma L,
et al. Breaking the Law of Valgus: the surprising and unex-
plained prevalence of medial patellofemoral cartilage damage.
Ann Rheum Dis 2012;71:1827e32.
12. Goodfellow J, Hungerford DS, Woods C. Patello-femoral joint
mechanics and pathology. 2. Chondromalacia patellae. J Bone
Joint Surg Br 1976;58:291e9.
13. Goodfellow J, Hungerford DS, Zindel M. Patello-femoral joint
mechanics and pathology. 1. Functional anatomy of the
patello-femoral joint. J Bone Joint Surg Br 1976;58:287e90.
14. Bennell KL, Creaby MW, Wrigley TV, Bowles KA, Hinman RS,
Cicuttini F, et al. Bone marrow lesions are related to dynamic
knee loading in medial knee osteoarthritis. Ann Rheum Dis
2010;69:1151e4.
15. Felson DT, Chaisson CE, Hill CL, Totterman SM, Gale ME,
Skinner KM, et al. The association of bone marrow lesions with
pain in knee osteoarthritis. Ann Intern Med 2001;134:541e9.
J.J. Stefanik et al. / Osteoarthritis and Cartilage 23 (2015) 565e57057016. Felson DT, Niu J, Guermazi A, Roemer F, Aliabadi P, Clancy M,
et al. Correlation of the development of knee pain with
enlarging bone marrow lesions on magnetic resonance imag-
ing. Arthritis Rheum 2007;56:2986e92.
17. Crossley KM, Marino GP, Macilquham MD, Schache AG,
Hinman RS. Can patellar tape reduce the patellar malalign-
ment and pain associated with patellofemoral osteoarthritis?
Arthritis Rheum 2009;61:1719e25.
18. Crossley KM, Vicenzino B, Pandy MG, Schache AG, Hinman RS.
Targeted physiotherapy for patellofemoral joint osteoarthritis:
a protocol for a randomised, single-blind controlled trial. BMC
Musculoskelet Disord 2008;9:122.
19. Hunter DJ, Harvey W, Gross KD, Felson D, McCree P, Li L, et al.
A randomized trial of patellofemoral bracing for treatment of
patellofemoral osteoarthritis. Osteoarthritis Cartilage 2011;19:
792e800.
20. Felson DT, Naimark A, Anderson J, Kazis L, Castelli W,
Meenan RF. The prevalence of knee osteoarthritis in the
elderly. The Framingham Osteoarthritis Study. Arthritis Rheum
1987;30:914e8.
21. Felson DT, Zhang Y, Hannan MT, Naimark A, Weissman BN,
Aliabadi P, et al. The incidence and natural history of knee
osteoarthritis in the elderly. The Framingham Osteoarthritis
Study. Arthritis Rheum 1995;38:1500e5.
22. Felson DT, Niu J, McClennan C, Sack B, Aliabadi P, Hunter DJ,
et al. Knee buckling: prevalence, risk factors, and associated
limitations in function. Ann Intern Med 2007;147:534e40.23. Englund M, Guermazi A, Gale D, Hunter DJ, Aliabadi P,
Clancy M, et al. Incidental meniscal ﬁndings on knee MRI in
middle-aged and elderly persons. N Engl J Med 2008;359:
1108e15.
24. Peterfy CG, Guermazi A, Zaim S, Tirman PF, Miaux Y, White D,
et al. Whole-Organ magnetic resonance imaging score
(WORMS) of the knee in osteoarthritis. Osteoarthritis Cartilage
2004;12:177e90.
25. Roemer FW, Lynch JA, Niu J, Zhang Y, Crema MD, Tolstykh I,
et al. A comparison of dedicated 1.0 T extremity MRI vs large-
bore 1.5 T MRI for semiquantitative whole organ assessment of
osteoarthritis: the MOST study. Osteoarthritis Cartilage
2010;18:168e74.
26. Radloff LS. The CES-D Scale: a self-report depression scale for
research in the general population. Appl Psychol Meas 1977;1:
385e401.
27. Cahue S, Dunlop D, Hayes K, Song J, Torres L, Sharma L. Varus-
valgus alignment in the progression of patellofemoral osteo-
arthritis. Arthritis Rheum 2004;50:2184e90.
28. Elahi S, Cahue S, Felson DT, Engelman L, Sharma L. The asso-
ciation between varus-valgus alignment and patellofemoral
osteoarthritis. Arthritis Rheum 2000;43:1874e80.
29. Stefanik JJ, Neogi T, Niu J, Roemer FW, Segal NA, Lewis CE, et al.
The diagnostic performance of anterior knee pain and activity-
related pain in identifying knees with structural damage in the
patellofemoral joint: the multicenter osteoarthritis study.
J Rheumatol 2014;41:1695e702.
